and avoids the statistical problems associated with repeated significance testing.
The aim of this study was to use CUSUM to investigate the initial results of a newly launched cardiac surgery unit at a low-volume hospital.
Methods

Patients
We retrospectively reviewed the clinical charts of the newly appointed cardiac surgery team at Gifu Prefectural Tajimi Hospital, a 660-bed public hospital, from April 2002 to December 2006. Institutional Review Board approval was obtained for this clinical cardiac surgery database research and the requirement for informed consent was waived.
Clinical Data
In constructing the CUSUM learning curve, the primary endpoints were operative mortality and morbidity, which were compared with the 2003 annual report of the Japanese Association for Thoracic Surgery. Based on the Japan Adult Cardiovascular Surgery Database, mortality was defined as any operative death within 30 days and any in-hospital deaths, and morbidity was defined as any postoperative complications, such as re-operation for any reasons, perioperative myocardial infarction, infection, stroke, pneumonia, renal failure, hemodialysis or gastrointestinal complication.
Statistical Analysis
In this study, CUSUM was defined as Sn=∑ (Xi-X0), where Xi=0 for success, Xi=1 for a failure, and X0 is the reference or target value, which was set as follows: 10% (0.10) for overall mortality and morbidity, 5% (0.05) for valve surgery, 2% (0.02) for coronary surgery, and 15% 
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(0.15) for aortic surgery. CUSUM curves were constructed manually for the overall mortality and operative variables. Furthermore, 80% alert line and 95% alarm boundary lines were calculated and constructed for the CUSUM curve of each investigation according to the published formula. 16
Results
A total of 274 open-heart surgery procedures were performed in the initial 57 months of the new cardiac surgery team. The overall mortality and morbidity are shown in Table 1 . The raw mortality and morbidity rates were 4.01% and 5.84%, respectively. Based on this data, a CUSUM curve was constructed to show the time-related performance of the overall open-heart surgery (Fig 1) . The overall CUSUM curve remained below the 80% upper alarm line since the 58 th case and below the 80% lower alarm line since the 139 th case. Table 2 and Fig 2 show the performance and CUSUM curve for valvular surgery. The CUSUM curve remained below the 80% upper alarm line since the 1 st case and below 80% lower alarm line since the 41 st case. Table 3 and Fig 3 show the performance and CUSUM curve for coronary surgery. The CUSUM curve remained below the 80% upper alarm line since the 22 nd case and below the 80% lower alarm line since the 76 th case. Table 4 and Fig 4 show the performance and CUSUM curve for aortic surgery. The CUSUM curve remained below the 80% upper alarm line since the 1 st case but did not reach below the 80% lower alarm line.
Discussion
A newly appointed attending/consulting cardiac surgeon is always expected to provide high-quality care for patients, but at a low-volume hospital, this expectation can be tense and critical because there is a general belief that a highvolume hospital statistically tends to have a low mortality and a low preventable death ratio. There are a number of studies regarding mortality in cardiac surgery in the light of high volume vs low volume, and recently, surgeon volume, not hospital volume, was reported to be related to operative mortality. 17 Birkmeyer et al found that surgeon volume accounted for 100% of the effect for aortic valve replacement and 49% for CABG, and that the mortality rate was higher among patients of low-volume surgeons than among those of high-volume surgeons, regardless of the surgical volume of the hospital in which they practiced. 17 These findings would apply to a newly launched cardiac surgery unit. 18 Papadimos et al concluded from their 504 CABG procedures during the initial 35 months of a new program that highquality CABG outcomes can be achieved at a low-volume hospital if it is served by high-volume surgeons and patient care procedures similar to those of large programs are implemented, and that high surgeon volume (>125 cases/year) rather than hospital-volume may be a more appropriate indicator of quality. 18 Bridgewater et al documented that in 18,913 CABG procedures during 6 years there was a progressive decrease in mortality with time after appointment as a consultant from 2.2% in the 1 st year to 1.2% in the 4 th year. 19 They pointed out that the newly appointed surgeon improved non-technical aspects of surgery, including decisions on case selection and aspects of preoperative, intraoperative, and postoperative care and decision making. A recent study of the learning curve effects in complex laparoscopic colorectal surgery suggested that a steady state of technical competence is achieved after 70-80 procedures. 20 The results of the present study add more evidence favoring surgeon volume rather than hospital volume as the indicator of outcome. For all types of cardiac surgical procedures performed at the new unit, the CUSUM curves never approached the upper 80% alert line from the very beginning. Overall, the CUSUM transgressed the upper 80% alert line at the 33 rd case, and remained below that for the remaining cases.
The newly appointed attending/consulting surgeon in this study had performed more than 200 open-heart procedures with acceptable results before launching this unit (Table 5) , and this is thought to be one of the predictors of a successful new program. It is a matter of intense interest how many cases of open-heart surgery guarantee an attending/consulting cardiac surgeon entering into independent practice, but to date there is no literature answering this question. The competency of the present surgeon who succeeded in safely launching a new unit suggest a possible baseline value.
This study has the limitation of its relatively small case volume. However, more than 60% of cardiac surgery units in Japan perform less than 100 open-heart surgeries per year.
No. cases Mortality Morbidity
Ascending 7 0 (0.00%) 0 (0.00%) Arch 13 0 (0.00%) 2 (15.4%) Descending 2 0 (0.00%) 0 (0.00%) Root 6 0 (0.00%) 1 (16 
